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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1. 17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1. 17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1 . 1 14. Applicant's submission filed on 8/19/2005 has been entered. 

Allowable Subject Matter 

2. The indicated allowability of claims 1-16 is withdrawn in view of the newly discovered 
reference(s) to Nishikata ("Nishikata") USPN 5,998,851 and Uchida et al. ("Uchida") US PG- 
Pub 200 1/0048 1 1 8. Rejections based on the newly cited reference(s) follow. 

Drawings 

3. The drawings are objected to under 37 CFR 1 .83(a). The drawings must show every 
feature of the invention specified in the claims. Therefore, a semiconductor optical waveguide 
path (claim 10) must be shown or the feature(s) canceled from the claim(s). No new matter 
should be entered. 

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to 
the Office action to avoid abandonment of the application. Any amended replacement drawing 
sheet should include all of the figures appearing on the immediate prior version of the sheet, 
even if only one figure is being amended. The figure or figure number of an amended drawing 
should not be labeled as "amended." If a drawing figure is to be canceled, the appropriate figure 
must be removed from the replacement sheet, and where necessary, the remaining figures must 
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be renumbered and appropriate changes made to the brief description of the several views of the 
drawings for consistency. Additional replacement sheets may be necessary to show the 
renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an 
application must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 
pursuant to 37 CFR 1. 121(d). If the changes are not accepted by the examiner, the applicant will 
be notified and informed of any required corrective action in the next Office action. The 
objection to the drawings will not be held in abeyance. 

Specification 

4. The disclosure is objected to because of the following informalities: In the last line of 
claim 8, the recitation calling for "the buffer layer In.sub.lxGa.sub.xAs.sub.yP.sub.l-Y (0x1,0 
y 1)" is not disclosed. The specification merely discloses an InP buffer. 

Claim Objections 

5. Claim 8 is objected to because of the following informalities: The recitation calling for 
"the buffer layer In.sub. lxGa.sub.xAs.sub.yP.sub. 1-Y (0 x 1, 0 y 1)" should read "the buffer 
layer In.sub. lxGa.sub.xAs.sub.yP.sub. 1-Y (0 <> x < 1, 0 < y <1)" Appropriate correction is 
required. 

Claim Rejections - 35 USC §102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 
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(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of apphcation for patent in the United States. 

7. Claim 16 is rejected under 35 U.S.C. 102(b) as being anticipated by Nishikata. 
Nishikata discloses (fig. 5 and col. 5, lines 25-40) a semiconductor light-receiving device 

comprising: a semiconductor substrate 1 1 of a first conductivity type; a buffer layer of the 
first conductivity type 12 that is formed on the semiconductor substrate and has a 
lower impurity concentration than the semiconductor substrate; a light absorption layer 14 that 
is formed on the buffer layer and generates carriers in accordance with incident light; a 
semiconductor layer 16 of a second conductivity type that is formed on the light absorption 
layer; and a semiconductor intermediate layer 13 that is interposed between the buffer layer 
and the light absorption layer, and has a forbidden bandwidth within a range lying between the 
forbidden bandwidth of the buffer layer and the forbidden bandwidth of the light absorption 
layer. 

8. Claims 17-20 are rejected under 35 U.S.C. 102(e) as being anticipated by Buchanan et al. 
(" Buchanan") US PG-Pub 2003/021 1648. 

Buchanan discloses in fig. 7 a semiconductor light-receiving device comprising: a semi- 
insulating substrate 1; a semiconductor layer 5 of a first conduction type that is formed on the 
semi-insulating substrate; a buffer layer 4g of the first conduction type that is formed on the 
semiconductor layer; a light absorption layer 4e that is formed on the buffer layer and generates 
carriers in accordance with incident light; a semiconductor layer of a second conduction type 3 
that is formed on the light absorption layer; a high-concentration semiconductor intermediate 
tunneling layer 4f of the first conduction type that is interposed between the buffer layer and the 



Application/Control Number: 10/665,204 Page 5 

Art Unit: 2826 

light absorption layer having a higher impurity concentration than the buffer layer and a 
thickness and impurity concentration within the recited range (as in claim 19). 

As to the semiconductor intermediate tunneling layer allowing electrons to pass 
therethrough to the buffer layer due to tunnel effect, it is a desired result rather than a structural 
limitation. See In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed. Cir. 
1997); See also In re Swinehart, 439 F.2d210, 212-13, 169 USPQ 226, 228-29 (CCPA 1971; In 
re Danly, 263, F.2d 844, 847, 120 USPQ 528, 531 (CCPA 1959). 

As for claims 18 and 19, the specification contains no disclosure of either the critical 
nature of the claimed arrangement or any unexpected results arising therefrom. Where 
patentability is said to be based upon particular chosen dimensions or upon another variable 
recited in a claim, the applicant must show that the chosen dimensions are critical. In re 
Woodruff, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

As for claim 20, Buchanan discloses a contact layer 5 of first conduction type interposed 
between the substrate and the buffer layer. 

Claim Rejections - 35 USC§103 

9. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

10. Claims 1-13 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
admitted prior art (APA) in view of Takahashi. 
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The APA discloses in fig. 9 a semiconductor light-receiving device comprising: a semi- 
insulating substrate 1 1 1; a semiconductor layer 1 12 of a first conduction type or N-type (as in 
claim 1 5) that is formed on the semi-insulating substrate; a buffer layer 1 13 of the first 
conduction type that is formed on the semi-insulating substrate and has a lower impurity 
concentration than the semiconductor layer of the first conduction type; a light absorption layer 
1 14 that is formed on the buffer layer and generates carriers in accordance with incident light; a 
semiconductor layer 1 17 of a second conduction type that is formed on the light absorption 
layer; and a semiconductor intermediate layer 115/1 16, but lacks anticipation of a semiconductor 
intermediate layer interposed between the buffer layer and the light absorption layer. 

Takahashi discloses in fig. 3 a semiconductor light-receiving device comprising: a 
substrate; a buffer layer 2 of the first conduction type that is formed on the substrate; a light 
absorption layer 3 that is formed on the buffer layer; a semiconductor layer 5 of a 
second conduction type that is formed on the light absorption layer; and a semiconductor 
intermediate layer 8 that is interposed between the buffer layer and the light absorption layer, and 
has a forbidden bandwidth within a range lying between the forbidden bandwidth of the buffer 
layer and the forbidden bandwidth of the light absorption layer. 

Therefore, it would have been obvious to one skilled in the art at the time the invention 
was made to modify the APA by incorporating a semiconductor intermediate layer since that 
would prevent deterioration of light receiving characteristics as taught by Takahashi. 

Regarding claim 2, the APA discloses (par. 001 1) the buffer having an impurity 
concentration within the range recited in the claim. 



Application/Control Number: 10/665,204 Page 7 

Art Unit: 2826 

Regarding claim 3, the APA discloses the semiconductor intermediate layer including a 
plurality of semiconductor layers, with forbidden bandwidths being varied stepwise. 

Regarding claim 4, the APA discloses the semiconductor intermediate layer including a 
plurality of semiconductor layers, with forbidden bandwidths being periodically varied. 

Regarding claim 5, the APA discloses a composition-graded semiconductor intermediate 
layer that is interposed between the light absorption layer 1 14 and the semiconductor layer 117 
of the second conduction type, with forbidden bandwidths being varied stepwise. 

Regarding claim 6, the APA discloses the semiconductor intermediate layer has a lower 
refractive index than the light absorption layer. 

Regarding claim 7, the APA discloses a first electrode 1 19 unit that is electrically 
connected to the semiconductor layer of the first conduction type, with a first potential 
being applied to the first electrode unit; and a second electrode unit 120 that is electrically 
connected to the semiconductor layer of the second conduction type, a second potential being 
applied to the second electrode unit. 

Regarding claim 8, the APA discloses the light absorption layer being an InGaAs layer; 
and the buffer layer being a In.sub. 1-xGa.sub.xAs.sub.yP.sub. 1-Y. Note that at x = 0, y = 0, the 
buffer layer is reduced to InP. 

Regarding claim 9, the APA discloses the light absorption layer and the semiconductor 
layer of the second conduction type form a mesa structure, with light entering the light 
absorption layer through a side surface of the light absorption layer that is exposed in a process 
of forming the mesa structure. 
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Regarding claims 1 1 and 12, the APA discloses a PIN-type photodiode or an avalanche 
photodiode (as in claim 12). 

Regarding claim 13, the APA discloses the semiconductor layer of the second conduction 
type has a light receiving surface formed thereon. 

11. Claims 1, 6, 7 and 9-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ishihara ("Ishihara") JP 63-124475 in view Uchida. 

Ishihara discloses a semiconductor light-receiving device comprising: a semi-insulating 
substrate 1; a semiconductor layer 2 of a first conduction type that is formed on the semi- 
insulating substrate; a buffer layer 3 of the first conduction type that is formed on the semi- 
insulating substrate and has a lower impurity concentration than the semiconductor layer of the 
first conduction type; a light absorption layer 4 that is formed on the buffer layer and generates 
carriers in accordance with incident light; a semiconductor layer 6 of a second conduction type 
that is formed on the light absorption layer, but lacks anticipation of a semiconductor 
intermediate layer. 

Uchida discloses in figs. 1 and 9 a semiconductor light-receiving device comprising: a 
substrate; a semiconductor layer 5 of a first conduction type or N type (as in claim 15) that is 
formed on the substrate; a buffer layer 4 of the first conduction type that is formed on the 
substrate; a light absorption layer 3a that is formed on the buffer layer; a semiconductor layer 2 
of a second conduction type that is formed on the light absorption layer; and a semiconductor 
intermediate layer 3c that is interposed between the buffer layer and the light absorption layer, 
and has a forbidden bandwidth within a range lying between the forbidden bandwidth of the 
buffer layer and the forbidden bandwidth of the light absorption layer. 
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Therefore, it would have been obvious to one skilled in the art at the time the invention 
was made to modify Ishihara's device by incorporating a semiconductor intermediate layer since 
that would prevent excited electrons from being blocked as taught by Uchida. 

Regarding claim 6, Uchida discloses the semiconductor intermediate layer has a lower 
refractive index than the light absorption layer. 

Regarding claim 7, Uchida discloses a first electrode 1 0 unit that is electrically connected 
to the semiconductor layer of the first conduction type, with a first potential being applied to the 
first electrode unit; and a second electrode unit 9 that is electrically connected to the 
semiconductor layer of the second conduction type, a second potential being applied to the 
second electrode unit. 

Regarding claim 9, Uchida discloses the light absorption layer and the semiconductor 
layer of the second conduction type form a mesa structure, with light entering the light 
absorption layer through a side surface of the light absorption layer that is exposed in a process 
of forming the mesa structure. 

Regarding claim 10, Uchida discloses a semiconductor optical waveguide path 7A that is 
formed on the semi-insulating substrate and guides light to the light absorption layer. 

Regarding claims 1 1 and 12, Uchida discloses a PIN-type photodiode or an avalanche 
photodiode (as in claim 12). 

Regarding claim 13, Uchida discloses the semiconductor layer of the second conduction 
type has a light-receiving surface formed thereon. 

Regarding claim 14, Uchida discloses the semi-insulating substrate has a light receiving 
surface on the bottom surface thereof. 
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12. Claims 17, 21 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ajisawa et al. ("Ajisawa") USPN 5,825,047 in view of Viela et al. ("Viela") USPN 5,800,630. 

Ajisawa discloses in fig. 6 a semiconductor light-receiving device comprising: a semi- 
insulating substrate; a buffer layer 64 of the first conduction type that is formed on the 
semiconductor layer; a light absorption layer 66 that is formed on the buffer layer and generates 
carriers in accordance with incident light; a semiconductor layer of a second conduction type 67 
that is formed on the light absorption layer; a semiconductor intermediate layer 65 of the first 
conduction type that is interposed between the buffer layer and the light absorption layer, but 
lacks anticipation of a semiconductor layer of a first conduction type that is formed on the semi- 
insulating substrate or a semiconductor intermediate layer having a higher impurity 
concentration than the buffer layer. 

Viela discloses in fig. 4 a semiconductor light-receiving device comprising: a 
semiconductor layer of a first conduction type (bottom layer) and a high-concentration 
semiconductor intermediate tunneling layer (third layer from bottom) having a higher impurity 
concentration than a buffer layer (second layer from bottom). 

Therefore, it would have been obvious to one skilled in the art at the time the invention 
was made to incorporate Viela' s teachings with Ajisawa' s device since that would produce a 
desirable characteristics of a tunnel junction as taught by Viela. 

Regarding claim 21, Ajisawa discloses a light absorption layer 66 and the semiconductor 
layer of the second conduction type 67 form a mesastructure, with light entering the light 
absorption layer through a side surface of the light absorption layer that is exposed in a process 
of forming the mesa structure. 
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Regarding claim 22, Ajisawa discloses a semiconductor waveguide path formed on a 
semi-insulating substrate. 

13. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Watanabe 
("Watanabe") JP 6-90016 in view of Viela. 

Watanabe discloses in fig. 5 a semiconductor light-receiving device comprising: a 
semiconductor substrate 21 of a first conduction type; a buffer layer 24 of the first conduction 
type that is formed on the semiconductor substrate and having a lower impurity concentration 
than the semiconductor substrate; a light absorption layer 26 that is formed on the buffer layer 
and generates carriers in accordance with incident light; a semiconductor layer 27 of a second 
conduction type that is formed on the light absorption layer; and a high-concentration 
semiconductor intermediate layer 25 of the first conduction type that is interposed between the 
buffer layer and the light absorption layer but lacks anticipation of the intermediate layer having 
a higher impurity concentration than the buffer layer. 

Viela discloses in fig. 4 a semiconductor light-receiving device comprising: a high- 
concentration semiconductor intermediate tunneling layer (third layer from bottom) having a 
higher impurity concentration than a buffer layer (second layer from bottom). 

Therefore, it would have been obvious to one skilled in the art at the time the invention 
was made to incorporate Viela's teachings with Watanabe's device since that would produce a 
desirable characteristics of a tunnel junction as taught by Viela. 

As to the semiconductor intermediate tunneling layer allowing electrons to pass 
therethrough to the buffer layer due to tunnel effect, it is a desired result rather than a structural 
limitation. See In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed. Cir. 
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1997); See also In re Swinehart, 439 F.2d210, 212-13, 169 USPQ 226, 228-29 (CCPA 1971; In 
re Danly, 263, F.2d 844, 847, 120 USPQ 528, 531 (CCPA 1959). 
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